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Abstract

Theprincipalchallengesarisingfrom beam-inducedenergy depositionin superconducting
(SC)magnetsathigh-energyhigh-luminosityhadronandleptoncollidersaredescribed.Radia-
tion constraintsareanalyzedthatincludequenchstability, dynamicheatloadson thecryogenic
system,radiationdamagelimiting the componentlifetime, andresidualdoseratesrelatedto
hands-onmaintenance.Theseissuesareespeciallychallengingfor theinteractionregions(IR),
particularly for the consideredupgradelayoutsof the Large HadronCollider. Up to a few
kW of beampower candissipatein a singleSC magnet,anda local peakpower densitycan
substantiallyexceedthe quenchlevels. Justformally, the magnetlifetime is limited to a few
monthsundertheseconditions.Possiblesolutionsandthewaysto mitigatetheseproblemsare
describedin thispaperalongwith R&D needed.
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1 Intr oduction

The Large Hadron Collider (LHC) under constructionat CERN will producepp collisions at�
s=14TeV andluminosity � =1034 cm� 2s� 1. Theinteractionrateof 8 � 108 s� 1 representsapower

of almost900W perbeamat eachInteractionPoint(IP), themajority of which is directedtowards
thelow-β insertionsin theform of thecollision byproducts,with aboutonethird of thepower car-
ried out by neutralsin thevery forwarddirection[1]. At futuresupercollidersunderconsideration
– variousLHC upgradescenariosfirst of all [2, 3] – theIP power is upto a factorof tenhigher. The
quadrupoleor dipolefieldssweepthesecondaryparticlesinto thecoils alongtheverticalandhori-
zontalplanes,giving riseto alocalpeakpowerdensityεmax thatcansubstantiallyexceedthequench
limits. Correspondingdynamicheatloadcanexceedthecryogenicscapacity. Build-upof radiation
defectscandrasticallyreducecomponentlifetime. Hands-onmaintenanceis ratherdifficult if all
componentsin theentireregionarehighly radioactive. ThecorrespondingIR layout,magnetdesign
andmaterials,andanappropriatesetof collimatorsandabsorbersmustprovideadequatemitigation
of theseproblems.

Contraryto the IR magnets,themajority of themain ring SCmagnetsarein rather“comfort-
able” conditionswith an adequate,highly-efficient, collimation system. The concernsherearea
cryoplantcapabilityandaccidentalbeamlossof GJoulebeamswith a possibledestructionof ma-
chinecomponents.

In both cases,a lack of dataon radiationlimits for materialsusedin the SC magnets– espe-
cially in high-energy domain– makes the radiationdamageandcomponentlifetime situationat
supercollidersratheruncertain.

2 Radiation Sourcesat Supercolliders

Therearethreeradiationsourcesin acollider with doseD in theSCcoils proportionalto thelumi-
nosity � or beamlosspower Q � ∆I:

1. pp collisions:D � σp ��� , whereσp is acorrespondingnon-elasticcrosssection.

2. Operationalbeamloss:tails from collimatorsandbeam-gasscattering,D � Q � ∆I, whereQ
is totalbeamenergy, and∆I is beamlossrate.

3. Accidentalbeamloss:abortkicker prefire/ unsynchronizedbeamabort,D � Q � ∆I.

Table1 compares,relevant to this report,parametersof thehadroncolliders:existing Tevatron,
LHC underconstructionat CERN, “modest” and “ultimate” LHC upgrades,LHC-2 and SLHC,
respectively [4], andtwo stagesof a Very LargeHadronCollider, VLHC-1 andVLHC-2 [5]. The
LHC rule wasusedto calculatea numberof non-elasticinteractionsN10 at eachIP over 10 years
of operation: � 10yr = (0.1+1/3+2/3+7)��� at 180 days/yr. 10 yrs = 5 � 107 s 	 500 fb � 1. The
interactionrate8 � 108 int/sat σp=80mb and � =1034 cm� 2s� 1 give N10 = 4 � 1016 int/10yr.

A power of up to 1 to 10 kW perbeamis directedtowardsthe low-β insertionson eitherside
of eachIP causingsevere short- and long-termradiationproblemsdescribedabove. Only with
appropriateIR layoutandmagnetdesign[3], useof radiation-resistantmaterialsandhighly efficient
protectionsystem[1], onecanprovide reliableoperationof thesemachines.

As for accidentalbeamloss,it wasshown in Refs.[6, 7] thatat anunsynchronizedbeamabort
in theLHC, up to 10%of total beampower Q canendup in the IR – which canliterally explode
oneor two quadrupolesandexpensive detectorcomponents– if not interceptedin thebeamabort
sectionby ahighly sophisticatedprotectionsystem.This caseis outof scopeof thispaper.
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Table1: Particleenergy E, beamintensityI (ppp),theirproductQ, collisionenergy
�

S, luminosity
� , anda of non-elasticinteractionsat IPsover10 yearsof operationN10 athadroncolliders.

Machine E (TeV) I, 1014 Q (GJ) 
 S � , 1034 N10, 1016

Tevatron 0.98 0.1 0.0016 1.96 0.01
LHC 7 3.1 0.35 14 1 4
LHC-2 7 4.8 0.54 14 2.5 10
SLHC 7 9.6 1.08 14 10 40
VLHC-1 20 9.7 3.20 40 1 4.5
VLHC-2 100 2.0 3.20 200 2 10.5

3 ProtectionSystemin IR

At the LHC, after thoroughoptimizationof the IR layout, an IR protectionsystemwasdesigned
to protectSC magnetsagainstdebrisgeneratedin the pp collisions and in the nearbeamele-
ments[1]. The optimizationstudywasbasedon detailedenergy depositioncalculationswith the
MARS code[8]. Thesystemincludesasetof absorbersin front of theinnertriplet, insidethetriplet
apertureand betweenthe low-β quadrupoles,inside the cryostats,in front of the D2 separation
dipoleandbetweentheoutertriplet quadrupoles.Their parameterswereoptimizedover theyears
via theMARS runsto provide betterprotectionandto meetpracticalrequirementsat thesametime.

Fig. 1 shows the inner triplet configuration. The two curvesshow the approximate“n1 = 7”
(numberof beamσ’s) beamenvelopefor injectionandcollision optics,includingclosedorbit and
mechanicaltolerances[1].

Figure1: TheLHC low-β insertionsincludingabsorbers:schematicview with thebeamenvelopes.
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Thefollowing designconstraintsareputon theIR protectionsystem[1]:

1. Useultimatedesignluminosity: 1034 cm� 2s� 1 atLHC through1035 cm� 2s� 1 atSLHC.

2. Geometricalaperture:keepit largerthan“n1 = 7” for injectionandcollisionoptics,including
closedorbit andmechanicaltolerances.

3. Quenchstability: keeppeakpower densityεmax, which canbeasmuchasanorderof mag-
nitudelarger thanthe azimuthalaverage,below the quenchlimit with a safetymargin of a
factorof 3.

4. Radiationdamage:with theabove levels, theestimatedlifetime exceeds7 yearseven in the
hottestspots.

5. Quenchlimit: testsof porouscableinsulationsystemsandrecentcalculationsconcerningthe
insulationsystemto beusedin theFermilab-built LHC IR quadrupoles(MQXB) haveshown
thatup to about1.6mW/g canberemovedwhile keepingthecoil below themagnetquench
temperature.

6. Dynamicheatload: keepit below 10W/m.

7. Hands-onmaintenance:keepresidualdoserateson the componentouter surfacesbelow
0.1mSv/hr.

8. Engineeringconstraintsmustalwaysbeobeyed.

As aresultof optimizationof theprotectionsystem,it becamepossibleto meettheseconstraints
for theLHC IR at thedesignluminosityof 1034 cm� 2s� 1, with εmax � 0.45mW/g. Note that the
powerdensityin theSCcoilsalwayspeaksin thehorizontalor verticalplanesat thecoil inner-most
radius.

4 LHC Upgradesand Beyond

After the LHC operatesfor several yearsat a nominal luminosity � = 1034 cm� 2 s� 1, it will be
necessaryto upgradeit for higher luminosity. In a traditional quadrupole-firstdesign,εmax and
otherenergy depositionvaluesgrow proportionallyto the luminosity, andin generalincreasewith
thequadrupolelengthandgradientanddecreasewith aperture.It wasshown [3] that this optionis
viableatmodest� upgradesup to about2.5� 1034 cm� 2 s� 1.

At higherluminosities,themostattractive option is a double-boreinner triplet with separation
dipolesplacedin front of the quadrupoles[2]. Comparedwith the baselinedesignconsistingof
single-borequadrupolessharedby bothbeams,thislayoutsubstantiallyreducesthenumberof long-
rangebeam-beamcollisions,allowsthebeamsto passon-axisthroughthequadrupoles,andpermits
local correctionof triplet field errorsfor eachbeam.IncreasingtheLHC luminosityby anorderof
magnitudecreatesahostileradiationenvironmentresultingfrom colliding beaminteractions.

Theproblemis particularlyseverefor thedipole-firstlayout,sincemostof thechargedsecon-
darieswill be sweptinto thedipoleby its large magneticfield. DetailedMARS energy deposition
calculationshave beenperformedto determinethefeasibilityof thisapproach[9]. Fig. 2 shows the
layoutconsidered.TheD1 dipolestartsat 23 m, allowing space,asin thecurrentIR, for a 1.8-m
long TAS absorber, andthereare5 m betweentheD1 andD2 to allow for a TAN neutralparticle
absorber. Theorbitsshown arefor ahorizontalcrossingangleof 
 0.212mrad.
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Figure2: Dipole-firstinteractionregion layout.

Thestudiesaredonefor theSLHCD1 of two types:a traditionalcos-thetadesignwith a4-layer
gradedcoil of innerradius65mmandacold iron yoke,andanopenmid-planeblock typecoils. At
� = 1035 cm� 2 s� 1, the total power dissipatedin thedipole is about3.5kW in eitherdesign.εmax

in thecos-thetacoils reaches50 mW/g,almosttwo ordersof magnitudehigherthanin thebaseline
LHC optics. It canbe reducedto about13 mW/g with somespacersin themid-plane,beingstill
unacceptablyhigh. Thefact that theradiationpeaksin themid-plane,hasspurredthedesignof an
openmid-planedipolemagnet[9]. Tungstenrodsat liquid nitrogentemperatureareplacedin the
mid-planeto absorbmuchof theradiation.Fig. 3 shows power densityprofilesin sucha dipoleat
thelongitudinalmaximumat its non-IPend.Peakpower densityεmax in thecoils of theblock-type
dipolewith no materialon themid-planecanbereducedwell below thequenchlimit. More than
a half of the total heatloadcanbeabsorbedin therodsat high temperatures.Efficient removal of
remainingpower from thecryogenicsystemis a majorchallengefor implementingthis IR design
aspart of an LHC upgrade. It mustbe emphasizedthat sucha designhasnever beentried, and
substantialR&D mustbedonebeforethefeasibilityof a magnetof this typecanbedemonstrated.

Table2 shows thepeakdoseandneutronfluencein thesupercolliderIR SCcoils at thehottest
spots:Q2B quadrupoleat βmax in a quadrupole-firsttraditionallayout(LHC, LHC-2, VLHC-1 and
VLHC-2), andD1 in thedipole-firstconfiguration(SLHC). It is usefulto notethatD (MGy/yr) =
50 ε (mW/g). This tableis theinput for themateriallifetime analysisin thenext section.

Dynamicheatloadsin theLHC high-luminosityIRs on eithersideof IP at � = 1034 cm� 2 s� 1

are ratherhigh [1]. At cryo temperaturestheseareabout30 W in eachof the four quadrupoles
totaling114W, 19 W in correctormagnetsandfeedbox,2 W in theD2 separationdipole,and0.5
to 2 W in the outertriplet quadrupoles.At room temperature,the main playersare184 W in the
front absorberTAS, 6 W in intermediateabsorbers,50 W in theD1 separationdipole,and189 in
theneutralbeamabsorberTAN. Thesenumbersscaleup with theluminosity.
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Figure3: Powerdensityisocontoursin theopenmid-planedipole.

Table2: PeakdoseD andneutronfluenceF� 0 � 1 MeV in innertriplet SCcoils accumulatedover first
10 “LHC” years(=5 � 107 sec).

Machine Component D (MGy) F� 0 � 1 MeV , 1016 cm� 2

LHC QuadQ2B 22.5 1.04
LHC-2 QuadQ2B 45.0 2.08
SLHC Cosθ D1 650 30
SLHC Block coil D1 55.0 2.54
VLHC-1 QuadQ2B � 30 � 1.5
VLHC-2 QuadQ2B � 84 � 4

Residualdoseratesarequite significantin the nearbeamregion [1]. At � = 1034 cm� 2 s� 1,
after30-dayirradiationand1-daycooling they areup to severalhundredmSv/hrat theTAS front
absorberandQ1 thick beamtube,up to several tensmSv/hrat the innerpartsof thequadrupoles,
andbelow 0.1-0.3mSv/hron contactat theoutervacuumvesselat r � 45 cm. Thesenumbersalso
scaleup with theluminosity.
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5 Material Lifetime

Magnetsarecomposedof superconductor(Nb3Sn),copper, insulationandstructuralmaterials(stain-
lesssteelor equivalent). All of thesematerialshave differentradiationsensitivities andresponses
to radiationdamage.Additionally, thesensitivities andresponsesaretemperaturedependent.

5.1 Material limits

The limits for Nb3Sn dependon the particularapplication. All threecritical componentsof the
superconductingphasespace(Tc, Ic andBc2) arereducedby differentamountfor a givenradiation
dose.Somegenerallimits [10] are:

� Tc goesto 5 K for 5 � 1019 n/cm2.

� Ic goesto 0.9 Ic0 at 1 � 1019 n/cm2 (at 14T).

� Bc2 goesto 14 T at3 � 1018 n/cm2.

Fromthis we seethatBc2 is themostsensitive parameterandwould bethedeterminingfactor
at a dosewherethecritical currentis largely unaltered.Fortunately, at supercolliderstheneutron
fluenceis low enoughthat this isn’t of too muchconcern;althoughthehigherenergy neutronsin
theacceleratoraremoredamagingthanthereactor-spectrumusedto derive theabove limits, sothe
problemcannotbeignored.

Of moreconcernis thecopperstabilizerincreasingin resistancewith dose.Sincetheprotection
dependson the copperasa low resistanceparallelpathandthe stability on the excellentthermal
conductivity, reductionsin thesepropertiesput themagnetsat risk. Mostof theincreasedresistance
canbeannealedoutby warmingto roomtemperature,but thisputsthemachinedown for thethermal
cycle. Note,however, thatNb3Snannealingrequireswarmingto 900K, sowould notbeusefulfor
completemagnets.

It also posesan additionalrisk: Radiationresistantepoxies,suchascyanateesters,produce
gasashydrogenis formedby theradiation(neutronsor photons).This gasis immobileat 4 K but
expandsif themagnetis warmedup. Crackingof theepoxyis an obvious risk, aswell aslossof
integrity, every time the magnetis thermallycycled. Even if epoxiesarenot usedandradiation
tolerantceramicsareusedinstead,thereis still apotentialproblem.Ceramics,suchasBeO,exhibit
a linearexpansionwith radiationdose.Alumina,however, shrinkswith radiation.This will change
thepreloadon thecoil over time andthermalcycle.

Otherstructuralmaterials,suchasstainlesssteel,becomebrittle with very high energy deposi-
tion. Generally, this is of lessconcernbecauseof very highdosesrequiredfor damagethresholds.

Generalradiationdoselimits aregiven in Table3. The limits arederived from the material
propertiesthatarethemostsensitive.

Table3: Generalradiationdoselimits.
Material Usefullimit (MGy)
Copper � 104

Iron, Stainlesssteel � 104

Ceramic � 103

Organics � 102
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5.2 R&D Needed

1. Detailedcalculationsof thelocal radiationfieldsat sensitive pointsthatcorrespondto places
of high magneticfield andhighshearstress.Radiationdamageis akin to highmagneticfield
in thattheplacewith thehighestdamagedeterminesthelifetime, justasthehighestmagnetic
field determinesperformance.

2. Dataat neutronenergiesgreaterthan14 MeV. Reactordatais themostabundantandeasiest
to obtainandsomeway of relatingthat to the higherenergy neutronsthat predominatethe
spectraat acceleratorsis required.

3. DamagestudiesonthenewestNb3Snmaterials.Mostof thedataare15-20yearsold andthere
have beensignificantadvancesin thelastfew years.Theresponsesof thenewer materialsto
radiationareunknown.

6 Thermal Analysis

Thermalanalysesof theproposeddesignsfor LHC-2 IR quadrupole[11, 12,13] andSLHCdipole-
first magnet[9, 14] have beenperformedto get an ideaof the peaktemperaturesin the coil due
to radiationheatloadsandmagnetoperationmargins. The following two sub-sectionssummarize
theseresults.

6.1 LHC-2 IR quadrupole

The proposedLHC-2 IR quadrupolemagnetis basedon a two-layercos-2θ designwith Nb3Sn
conductorand90-mmborediameter. Thetotal numberof turnsis 144with coil areaof 48.1cm2.
MARS-calculatedpower densitywere appliedon the coil geometryas a function of radiusand
angle[1, 12, 15]. As mentionedin previoussections,thepower densitypeaksat theinner layerof
themid-planeturns. It decreaseswith increasein radiusandangle. Fig. 4 shows thecomparative
powerdensityin themid-planeturnsfor thecurrentLHC IR quadsandproposedLHC-2quadrupole.
At � = 1035 cm� 2 s� 1, theexpectedradiationloadsareanorderof magnitudelargerfor quadrupoles
comparedto thatof thebaselineLHC design.

Basedon theseheatloads,peaktemperaturewasfirst computedfrom ANSYS analysis. The
peaktemperaturewasthenconvertedinto theoperatingmargin basedon thesuperconductortrans-
port properties.Basedon this analysis,it wasnoted[12, 13] that Nb3Sn magnetdesignedwith a
20%quenchmargin cantakeupto 40mW/cm3 of peakpowerdensityin thecoil mid-planeturnsat
theoperationtemperatureof 1.9K.

6.2 SLHC dipole-first

Oneof thetwo SLHCseparationdipole-firstmagnetsconsideredin Ref.[9] is basedonafour-layer
cos-thetadesignwith aborediameterof 130mm. It is placedin front of theIR triplet region. Total
numberof turns is 282 with coil areaof 119.1cm2. The magneticfield at quenchin the bore is
15.8T for Jc (12 T, 4.2K) = 3000A/mm2. Heatdepositiondistribution in thecoil wascalculated
with theMARS codeandappliedon thecoil elements.A copperspacerwould be insertedin the
mid-planeto reducetheheatload to superconductor. As mentionedin previous sections,thepeak
power densityin thecopperspaceris 49mW/g andthatin thecoil is 13 mW/g.

A thermalanalysesfor this designwereperformedin Ref. [14] with differentboundarycondi-
tions.Table4 summarizestheseresults.Thethermalcalculationswerebasedoncoolingconditions
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Figure4: Radialdistribution of power densityin themid-planeturnsfor the LHC andLHC-2 IR
quadrupolesat longitudinalmaxima.

thatsetthecoil perimeterat1.9K. Coolinginnercoil surfacewith perforatedinsulationin addition
to external,inter-layer andmid-planecoolingseemsto be theway to managethetemperaturerise
dueto radiationheatloads.

Table4: PeaktemperatureTmax in cos-thetaSCcoilsof SLHCdipole-first.
Coolingconditions Tmax K
Coil (external)surface 1.9K 27.7
Coil (external+ mid-plane)surfaces1.9K 24.8
Coil (external+ inter-layer)surfaces1.9K 11.3
Coil (external+ inter-layer+ mid-plane)surfaces1.9K 11.3
Porousinnerbore+ All theabove 7.0

7 CryogenicConsiderationsfor Dipole-First

Currentdesignsfor the upgradeddipole magnetsin the interactionregions indicatea very high
heatload from the radiationenvironment. As discussedin previous sections,this high radiation
environmentwill impact the lifetime of materialscontainedin the magnetspotentially requiring
innovative designconceptsandnew materials. In addition, this heatdepositioncanleadto large
thermalgradientswithin the magnetstructureaffecting magnetperformance.Ultimately, all the
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radiationflux depositedheatin themagnetsthatmustberemovedby thecryoplants.In thecaseof
upgradesto LHC, this issueis of concerngiventhemagnitudeof theheatdepositioncomparedto
currentLHC operatingparameters.Clearlyanupgradeto thecryoplantswill berequiredfor any of
theplannedupgrades.

TheSLHCluminosityupgradedipole-firstdesignpredictsa3.5kW heatloadper10mIR region
dipole. Sincetheacceleratorhasfour suchregions,the total low-temperatureheatloadassociated
with theseIR magnetsis 14 kW at low temperature.This heatload aloneis comparableto the
total currentLHC acceleratormagnetcooling load. Theinstalledcryogenicsystemfor theLHC is
dividedinto eightsectors,eachsupportedby anominal18kW at4.5K refrigerator. Thesemachines
supply30 kW between50 and75 K for shieldcooling,5 to 6 kW between4.5 and20 K for beam
screencooling and2.4 kW at 1.9 K for magnetcooling [16, 17]. Thus,for theentireaccelerator,
thereis approximately40kW of refrigerationfor thebeamscreensand19.2kW at1.9K for magnet
cooling.

In steadyoperationwith thepresentLHC magnetandcryostatdesign,the1.9K heatloadfrom
the acceleratormagnetshasan averagevalueof lessthan0.4 W/m correspondingto 10.8 kW or
roughlyhalf thetotal1.9K capacityof thecryogenicsystem.In eachinteractionregion,thecurrent
heatloadis110W for fourquadrupolemagnets,afactorof 30lessthancalculatedfor thedipole-first
design.Theadditional1.9K capacityis usedfor off-normaloperation.

Any upgradeof theLHC operationwill resultin an increasein theheatload to thecryogenic
plant.A luminosityupgradefrom 1034 to 1035 cm� 2 s� 1, will resultin increasein beamscreenheat
loadfrom 1.7W/m to 15W/m for atotalheatloadbetween4.5and20K of over400kW [18]. It also
possiblethatthehigherluminositywill increasethesteadyheatloadontheacceleratormagnets,but
this impactis not known at thepresenttime. Clearly, thecurrentcryogenicplant is insufficient to
meetthis requirement.

Useof a high radiationabsorbingdipole in the interactionregion of the upgradedLHC will
alsoseverely impactthe cryogenicsystem.Accordingto the design,eachdipole-firstwill absorb
3.5 kW of radiationheatduringnormaloperation,resultingin a total impacton theacceleratorof
14kW over theselocalizedregions.In additionto theimpacton thetotalheatloadto thecryoplant,
carefulconsiderationto themagnetandcryostatdesignwill beneededtoensurestabilityandreliable
operation.For example,it may be necessaryto consideralternatecooling technologiesto 1.9 K,
pressurizedHe-II bathcooling for the dipole-first. This point is further emphasizedas indicated
in the previous section,by the calculationsthat indicatethe temperaturewithin the magnetsmay
exceed20K evenif cooledwith He-II at1.9K. Clearlythis temperatureis toohighfor conventional
magnetdesignusingNbTi or evenNb3Snsuperconductor.

Innovative magnetandcoolingsystemsdesignmay reducethepeaktemperatureof thedipole
to thepoint whereonecouldconsiderusingNb3Snsuperconductorat 1.9 K. However, thecostof
operatingsuchmagnetsmay be too large a penaltyfor the cryogenicplant. Alternatively, it may
be possibleto usemorerecentlydevelopedceramicsuperconductorsoperatingaround20 K. The
higheroperatingtemperaturewouldreducetheequivalentrefrigerationpowerby roughlyafactorof
ten. To considerthis option,further researchwould beneededto determinetheresistanceof these
materialsto radiationdamage.
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8 Summary

With carefuldesignof IR layout,magnetsandprotectionsystem,wecankeepapeakpowerdensity
εmax below thequenchlimit:

� in 90-mm200-T/mNb3Snquadsat � � 2.5� 1034 with 30W/m of dynamicheatloadatpeak
(comparedto 10 W/m now) in LHC;

� in a 14-T Nb3Sndipole-firstD1 at � � 1 � 1035 with total power dissipatedin thedipoleof
about3.5kW, with asuperconductor-lessmid-planedesign.

A σp ��� scalinggivesa reasonableestimatefor supercolliderIRs, althoughdetailsof spatial
distributionscanbe obtainedvia realisticMonteCarlo. It turnsout that thereis no strongdepen-
denceof peakpower densityεmax on the coil aperturebecauseone needsto adjustthe gradient
appropriately. Rulesof thumbhereare:

� at fixedaperture,thestrongerfield thehigherεmax;

� atfixedfield, thelargeraperturethelowerpeakεmax with heatloaddistributedmoreuniformly
alongthetriplet with moresecondaries(power) leakingtowardsits endandfurther(TAN and
outertriplet).

Dynamicheatloadis aseriousissue.All radiationissuesareveryseriousathigherluminosities.
Thedesignis below thequenchlimit for Nb3Sn,but is a factorof 2 to 3 timeslargerthanfor current
NbTi quadrupoles.Accumulateddose,residualdoseratesand other radiationvaluesinsideand
outsidemagnetsscaleup with luminosity, linearly to thefirst approach.With thepresentdesign,at
� = 1034, weareona7-yearlimit for materiallifetime andonor abovetheCERNlimits for residual
radiation.Much moreMARS analysisis neededhereon configurationandmaterials.

Operationalandaccidentalbeamlossin theinnerandoutertripletsis aseriousissue,with their
highermagneticfields. Theresultswe have for thecurrentdesignarealreadysomewhatscary. We
have a sophisticatedmonstrousmovablecollimator in IP6 to handleunsynchronizedbeamabort,
but it seemsthat to reliably protectIP5 inner triplet we would still needanothercollimatoron the
non-IPsideof thecurrentD1. At SLHC everythingbecomesmoresevere.

TAS itself andshieldingaroundTAS-Q1needto bere-designedto suppresstentimes(at least)
higheralbedofluxesto ATLAS andCMS-likedetectors.NeutralbeamabsorberTAN andits shield-
ing needto be re-designedto accommodateten times higherbeampower andprovide adequate
shieldingfor promptandresidualradiation.

Work needed:

� FurthercharacterizevariousIR designsin termsof radiationenvironment,with respectto
peakenergy deposition,fluence,dose,andcryo load.

� Definematerialpropertiesandacceptabledesigncriteriafor givendose

� Survey fusion programresults: identify relevant information and identify areasfor focus
(Nb3Snbehavior in LHC IR radiationfield).

� Developappropriatetests(materials,magnetizationtestsin lieu of directJc, etc).

� Identify existing radhardmaterialsfor incorporationinto magnetprograms.

� FocusR&D onwhatis left.
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